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Document Scope  	  This	   document	   is	   both	   a	   user-­‐facing	   document	   (publicly	   accessible)	   and	   an	   internal	  working	  document	  intended	  to	  define	  user	  needs	  and	  use	  cases	  that	  fall	  under	  the	  general	  umbrella	  of	  scientific	  workflows	  within	  the	  overall	  activities	  of	  XSEDE.	  The	  definition	  of	  use	  cases	  is	  based	  on	  a	  template	  from	  Malan	  and	  Bredemeyer1. The	   use	   cases	   are	   presented	   here	   using	   the	   following	   format,	   derived	   from	   the	   Malan	   and	  Bredemeyer	  white	  paper1	  as	  follows: 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Malan,	  R.,	  and	  D.	  Bredemeyer.	  2001.	  Functional	  requirements	  and	  use	  cases.	  www.bredemeyer.com/pdf_files/functreq.pdf	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Use	  Case Use	  case	  identifier	  and	  reference	  number	  and	  modification	  
history 
Description Goal	   to	   be	   achieved	   by	   use	   case	   and	   sources	   for	  
requirement 
References References	  and	  citations	  relevant	  to	  use	  case 
Actors List	  of	  actors	  involved	  in	  use	  case 
Prerequisites	   (Dependencies)	   &	  
Assumptions 
Conditions	  that	  must	  be	  true	  for	  use	  case	  to	  be	  possible	   
Conditions	   that	   must	   be	   true	   for	   use	   case	   to	   terminate	  
successfully 
Steps Interactions	  between	  actors	  and	  system	  that	  are	  necessary	  
to	  achieve	  goal 
Variations	  (optional) Any	  variations	  in	  the	  steps	  of	  a	  use	  case 
Quality	  Attributes 
	  
Non-­‐functional	  (optional) List	  of	  non-­‐functional	   requirements	  that	   the	  use	  case	  must	  
meet 
Issues List	  of	  issues	  that	  remain	  to	  be	  resolved 
	  
Access	   and	   Authorship:	   This	   document	   is	   intended	   to	   be	   openly	   accessible	   and	   community	  
authored.	   
	  
Scientific Workflow Use Cases 	  
Background There	   are	   many	   types	   of	   workflow	   research	   problems	   and	   consequently	   there	   are	   many	  workflow	   research	   groups	   and	   software	   systems.	   We	   (the	   document	   authors;	   see	   revision	  history)	   believe	   it	   is	   important	   that	   XSEDE	   be	   as	   developer-­‐friendly	   for	   as	   many	   of	   these	  systems	   as	   possible	   in	   order	   to	   attract	   a	   wide	   range	   of	   tool	   developers	   and	   their	  communities.	   	  An	   analogous	   approach	   has	   been	   used	   with	   Science	   Gateways.	   	  The	   basic	   use	  case	   for	  XSEDE	  scientific	  workflows	  should	  be	  derived	   from	   this	   requirement.	   	  Advanced	  use	  cases	  may	  consider	  the	  requirements	  of	  specific	  workflow	  tools	  or	  classes	  of	  tools. Despite	   the	   diversity,	   	  we	  may	   identify	   general	   characteristics	   of	   workflow	   systems;	   see	   for	  example 
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• Yu,	   Jia,	   and	  Rajkumar	  Buyya.	   "A	   taxonomy	  of	  workflow	  management	   systems	   for	   grid	  computing."	  Journal	  of	  Grid	  Computing	  3.3-­‐4	  (2005):	  171-­‐200.	  
• Deelman,	   Ewa,	   et	   al.	   "Workflows	   and	   e-­‐Science:	   An	   overview	   of	   workflow	   system	  features	  and	  capabilities."	  Future	  Generation	  Computer	  Systems	  25.5	  (2009):	  528-­‐540.	  In	   summary,	   workflow	   systems	   typically	   have	   the	   following	   functional	   components.	   Specific	  software	  may	  combine	  or	  separate	  these	  into	  different	  software	  components. 
• A	  composition	  tool	  (graphical	  or	  scripted)	  that	  allows	  users	  to	  create	  the	  workflow;	  
• An	  execution	  engine	  that	  enacts	  the	  workflow;	  
• A	   monitoring	   or	   messaging	   component	   for	   managing	   messages,	   logs,	   etc.	   associated	  with	  the	  workflow;	  and	  
• A	  workflow	  registry	  component	  that	  allows	  users	  to	  store,	  retrieve,	  and	  share	  workflow	  templates	  and	  workflow	  instances	  (that	  is,	  previously	  run	  workflows).	  The	   requirements	   on	   XSEDE’s	   architecture	   depend	   on	   how	   many	   of	   these	   general	  characteristics	   (and	   their	   realization	   in	   software	   services)	   need	   to	   be	   directly	   supported	   by	  XSEDE.	   This	   can	   range	   from	  none	   to	  all.	   Since	   any	  workflow	   system	   could	   be	   used	   onXSEDE	  without	   XSEDE’s	   explicit	   support	   for	   that	   workflow	   system,	   we	   will	   consider	   here	   the	  requirements	  that	  XSEDE	  should	  have	  for	  the	  none	  case.	   	  There	  is	  value	  for	  doing	  this,	   in	  that	  there	   is	   a	   pre-­‐existing	   marketplace	   for	   scientific	   workflow	   software.	   We	   consider	   it	   to	   be	  premature	  to	  consider	  the	  all	  use	  case. Workflows	   may	   be	   executed	   by	   individual	   users,	   by	   research	   teams	   planning	   to	   share	   the	  outputs	  with	   a	   larger	   community	   (such	   as	   a	   data	   processing	   pipeline	   in	   astronomy),	   and	   by	  community	   users	   of	   a	   science	   gateways.	   	  Workflow	   composition	   and	   deployment	   are	   often	  labor-­‐intensive	  processes.	  For	  these	  reasons,	  workflows	  are	  often	  created	  by	  small	  teams	  and	  shared	  with	  communities. 
Use	  Cases	  
UCSW	  1.0	   Composite	  Application	  Execution 
Description As	  presented	  in	  the	  background	  section,	  this	  is	  the	  none	  use	  case:	  XSEDE	  resources	   are	   used	   by	   a	   workflow	   tool	   that	   exists	   completely	   separate	  from	   XSEDE.	   	  XSEDE	   is	   not	   explicitly	   providing	   a	   workflow	   capability.	  XSEDE	   is	   being	   used	   to	   run	   workflows	   by	   an	   external	   workflow	  system.	  	  This	  use	  case	  applies	  to	  the	  developers	  of	  workflow	  systems	  and	  indirectly	  to	  the	  user	  communities	  that	  they	  support.	  	   
	  Although	  XSEDE	  is	  not	  directly	  supporting	  a	  workflow	  tool,	  this	  use	  case	  still	   places	   requirements	   on	   XSEDE,	   particularly	   on	   its	   information	  services,	   service	   reliability,	   error	   messaging,	   and	   other	   communication	  mechanisms.	  	  Workflows	  are	  inherently	  more	  subject	  to	  failures	  than	  the	  atomic	  services	  that	  they	  are	  composed	  from. 
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  Minimally,	  we	  assume	  the	  workflow	   involves	   two	  application	  executions	  on	   XSEDE	   resources	   with	   associated	   file	   input	   and	   output	  staging.	   	  Workflow	   systems	   typically	   involve	   much	   more	   complicated	  executions. 
References Surveys	  include 
• Yu,	   Jia,	   and	   Rajkumar	   Buyya.	   "A	   taxonomy	   of	   workflow	  management	   systems	   for	   grid	   computing."	   Journal	   of	   Grid	  Computing	  3.3-­‐4	  (2005):	  171-­‐200.	  
• Deelman,	   Ewa,	   et	   al.	   "Workflows	   and	   e-­‐Science:	   An	   overview	   of	  workflow	   system	   features	   and	   capabilities."	   Future	   Generation	  Computer	  Systems	  25.5	  (2009):	  528-­‐540.	  
Actors 1. The	  workflow	  tool	  or	  software	  
2. XSEDE	  Service	  Providers	  
3. XSEDE	  middleware	  services	  for	  remote	  job	  and	  file	  management.	  
Prerequisites	  
(Dependencies)	   and	  
Assumptions 
1. XSEDE	   service	  providers	  operate	   common	  middleware	   that	  provides	  
atomic	  services	  for	  file	  staging	  and	  job	  management.	  	  2. The	   following	  Canonical	  Use	  Cases	   are	   implemented:	  UCCAN	  1.0,	  2.0,	  3.0,	  5.0,	  6.0,	  7.0,	  8.0,	  9.0,	  10.0.	  	  	  3. This	  use	  case	  depends	  on	  the	  following	  additional	  use	  cases:	  UCCB	  5.0,	  6.0;	  UCSGW	  1.0,	  2.0,	  3.0,	  4.0,	  5.0;	  UCHPC	  1.0,	  2.0	  
Steps 1. A	   user	   obtains	   an	   XSEDE	   credential	   on	   a	   resource	   external	   to	  XSEDE.	  a. Credential	  may	  be	  on	  the	  user’s	  desktop	  or	  on	  a	  server	  that	  will	  be	  used	  to	  execute	  the	  workflow	  (such	  as	  a	  Science	  Gateway).	  
 The	  user	  launches	  the	  workflow	  tool	  of	  choice.	  
 The	   user	   specifies	   the	   workflow	   to	   be	   executed	   (selecting	  applications	  and	  inputs).	  	  . Resource	   selection	  may	  be	  done	  also	  by	   the	  user	  directly,	   by	   the	  workflow	  tool,	  or	  potentially	  by	  XSEDE	  matchmaking	  services.	  
 The	  workflow	  engine	   stages	   in	   initial	   input	   files	   to	   the	   resources	  via	  XSEDE	  middleware.	  
 The	  workflow	  engine	  launches	  the	  initial	  application(s)	  on	  XSEDE	  Service	  Providers	  via	  XSEDE	  middleware.	  
 The	   workflow	   monitors	   the	   execution	   of	   the	   initial	   task(s).	  Monitoring	   includes	   both	   the	   state	   of	   a	   specific	   executable	   (queued,	  pending,	   running,	   completed	   failed)	   as	   well	   as	   application-­‐specific	  monitoring	   (internal	   state	   of	   the	   job).	   We	   consider	   the	   former	   to	   be	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standard	   and	   require	   XSEDE	   middleware.	   The	   latter	   are	   non-­‐standard,	  workflow	  tool-­‐	  or	  application-­‐specific	  and	  out	  of	  scope.	  
 When	   the	   initial	   task(s)	   are	   complete,	   the	   workflow	   tool	   stages	  data	  (if	  necessary)	  for	  the	  task(s)	  in	  the	  next	  step.	  
 The	  workflow	  tool	   then	  executes	   the	  application(s)	   in	   the	  second	  step	  of	  the	  workflow.	  
 Steps	  5-­‐8	  are	   iterated	  until	   the	  workflow	  completes	  or	   reaches	  a	  fatal	  failure	  condition	  that	  prevents	  the	  execution	  from	  completing.	  
Variations	  
(optional) 
	  
Quality	  Attributes • Information	  Services:	  these	  should	  be	  accessible	  as	  either	  push	  or	  pull	  messages	  (i.e.,	  by	   invoking	  services	  and/or	  by	  subscribing	  to	  notifications).	  	  The	  messages	  may	  be	  generated	  by	  a	  machine	  or	  by	  a	   human	   (i.e.,	   system	   administrator	   publishes	   a	   notice	   that	   the	  resource	  is	  down).	  The	  format	  of	  the	  message	  should	  be	  actionable	  by	   the	   workflow	   system	   (i.e.,	   parseable	   and	   preferably	   not	  requiring	  human	  intervention).	  	  Requirements	  on	  the	  architecture	  include	  
o The	  ability	  to	  report	  resource	  outages	  and	  disruptions	  in	  a	  timely	   fashion.	   This	   includes	   file	   systems	   and	   computing	  nodes.	  
o The	  ability	  to	  report	  service	  disruptions	  to	  scheduling	  and	  queuing	  systems.	  
o The	   ability	   to	   report	   service	   disruptions	   to	   Grid	  middleware.	   	  Disruptions	   include	  unavailable	  services	  and	  services	   not	   behaving	   according	   to	   well	   defined	   test	  cases.	   	  Test	   cases	   should	   be	   comprehensive.	   For	   example,	  tests	  of	  job	  submission	  middleware	  should	  include	  tests	  of	  MPI	  jobs.	  
o It	   may	   be	   useful	   for	   information	   services	   to	   accept	  messages	  from	  clients	  as	  well,	  since	  these	  may	  detect	  error	  states	  more	  quickly	  than	  middleware.	  
o Quality	  of	  service:	  how	  quickly	  can	  this	  be	  done?	  	  1	  day?	  1	  hour?	  1	  minute?	  
• XSEDE	  should	  provide	  the	  ability	  to	  report	  file	  transfer	  failures	  in	  a	  format	  that	  is	  actionable	  by	  the	  external	  workflow	  system.	  
o The	  workflow	   engine	   should	   decide	   if	   it	   should	   retry	   the	  transfer,	   pick	   a	   different	   resource,	   or	   fail.	   	  The	   strategy	  implemented	   is	  out	  of	   scope	  here,	  but	  XSEDE	   information	  services	   should	   provide	   information	   that	   helps	   with	   the	  decision.	  
• XSEDE	  should	  provide	  the	  ability	  to	  report	  failed	  job	  submissions	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in	  a	  format	  that	  is	  actionable	  by	  the	  workflow	  engine.	  
o The	  workflow	  engine	  should	  decide	  if	  it	  should	  retry,	  pick	  a	  different	  resource,	  or	  fail.	  	  	  
• XSEDE	  should	  provide	   the	  ability	   to	   report	   job	   failures,	   including	  job	   exit	   status,	   in	   a	   format	   that	   is	   actionable	   by	   the	   workflow	  system.	  
• XSEDE	   should	  provide	   the	   ability	   to	   capture	   information	   about	   a	  running	  application.	  
o Such	  as	  standard	  output	   from	  a	  running	  application.	   	  User	  running	   the	   workflow	   may	   need	   to	   interact	   with	   the	  running	   workflow	   if,	   for	   example,	   a	   step	   did	   not	   exit	  properly	  or	  is	  not	  converging.	  
• XSEDE	   should	   provide	   scheduling	   information	   services	   that	   can	  forecast	  queue	  wait	  times	  with	  95%	  confidence	  intervals	  that	  have	  width	  	  <	  25%	  of	  the	  requested	  wall	  time.	  
	  
Non-­‐functional	  
(optional) 
	  
Issues An	  important	  overriding	  requirement	  is	  that	  failure	  messages	  should	  be	  parseable	  by	  the	  workflow	  system.	  Workflow	  system	  exists	  to	  make	  extremely	  complicated	  distributed	  computing	  problems	  possible.	  	  This	  implies	  that	  the	  workflow	  system	  will	  need	  to	  take	  actions	  on	  behalf	  of	  the	  user	  without	  direct	  user	  (or	  operator)	  intervention.	  	  Probably	  the	  message	  format	  problem	  is	  open	  and	  may	  take	  multiple	  iterations	  between	  XSEDE	  architects	  and	  workflow	  developers	  to	  capture	  all	  error	  states	  and	  refine	  message	  formats.	  	   
	   	  
	  
